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ABSTRACT
Background/Aims: There is uncertainty regarding the hepatic efficacy of glucagon-like peptide-1 receptor agonists (GLP-1RAs) 
in metabolic dysfunction-associated steatotic liver disease (MASLD) or steatohepatitis (MASH). We performed a meta-analysis 
of randomised controlled trials (RCTs) to examine the efficacy of GLP-1RAs in treating MASLD or MASH.
Methods: We systematically searched three electronic databases from inception until April 2025 to identify RCTs examining 
the efficacy of GLP-1RAs for the treatment of MASLD or MASH. The outcome measures included MASH resolution without 
worsening of fibrosis or improvement in at least one stage of fibrosis without worsening of MASH, along with reductions in liver 
fat content measured using magnetic resonance-based techniques. Meta-analysis was conducted using random-effects models.
Results: We identified 13 phase 2 or phase 3 RCTs (1811 participants). These trials diagnosed MASLD or MASH through liver 
biopsy (n = 4) or magnetic resonance-based techniques (n = 9). Regardless of diabetes status, among individuals with MASH and 
moderate-to-advanced fibrosis, GLP-1RAs (especially semaglutide 2.4 mg/week) for up to 72 weeks were superior to placebo in 
achieving MASH resolution (n = 3 RCTs; pooled random-effects odds ratio 3.48, 95% CI 2.69–4.51; I2 = 0%), and in improving 
liver fibrosis (pooled odds ratio 1.79, 95% CI 1.37–2.35; I2 = 0%). Among individuals with MASH-related compensated cirrhosis 
(n = 1 RCT available only), semaglutide did not lead to MASH resolution or improved fibrosis compared to placebo. Furthermore, 
GLP-1RAs reduced magnetic resonance-measured liver fat content (n = 9; pooled mean difference: −4.50%, 95% CI −6.60 to 
−2.40%; I2 = 95.9%).
Conclusions: GLP-1RAs are a promising treatment option for MASLD or MASH. Further research is needed to evaluate the 
long-term effects of GLP-1RAs on liver-related clinical events.
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1   |   Introduction

Metabolic dysfunction-associated steatotic liver disease 
(MASLD), formerly known as non-alcoholic fatty liver disease, 
has become the leading cause of chronic liver diseases world-
wide [1, 2]. The global prevalence of MASLD is estimated to 
be approximately 30%–40% among adults in the general popu-
lation, ~60%–70% in individuals with type 2 diabetes mellitus 
(T2DM), and ~70%–80% in persons with obesity [1, 2].

MASLD is a multisystem disease that creates a challenging 
therapeutic landscape in which pharmacotherapy must ad-
dress both systemic metabolic dysfunction and liver disease 
to reduce the risk of developing serious liver-related complica-
tions (such as cirrhosis, hepatic decompensation events, and 
hepatocellular carcinoma) and extrahepatic cardiometabolic 
outcomes (cardiovascular disease, chronic kidney disease, 
and new-onset T2DM) [3–5].

In March 2024, resmetirom (a liver-directed thyroid hormone 
receptor beta-selective agonist) became the first drug to receive 
conditional approval from the US Food and Drug Administration 
for treating adults with non-cirrhotic metabolic dysfunction-
associated steatohepatitis (MASH) and moderate-to-advanced 
liver fibrosis [6, 7]. However, resmetirom has a neutral impact 
on body weight and insulin resistance, and its long-term effect 
on the risk of major adverse cardiovascular events is currently 
unknown [8]. Furthermore, the relatively limited efficacy of 
resmetirom in improving liver fibrosis and its restricted global 
availability since approval highlight the need for other therapeu-
tic options for MASLD/MASH.

Since the pathogenesis of MASLD/MASH is closely linked to met-
abolic dysfunction and insulin resistance, and cardiovascular dis-
ease is the leading cause of death in people with MASLD/MASH 
[5], it is believed that agents improving the cardiometabolic risk 
profile could also improve MASLD/MASH-related outcomes [4].

Large cardiovascular and renal outcome trials have demon-
strated the effectiveness of glucagon-like peptide-1 receptor ag-
onists (GLP-1RAs) in reducing the risk of overall mortality and 
adverse cardiovascular and renal outcomes [9–12]. Additionally, 
some meta-analyses of Phase 2 placebo-controlled or active-
comparator-controlled randomised controlled trials (RCTs) 
have shown that GLP-1RA treatment can reduce liver fat con-
tent (as measured by magnetic resonance-based techniques) and 
is associated with histological resolution of MASH, although it 

does not show improvement in liver fibrosis in MASLD/MASH 
[13, 14]. While the benefit of GLP-1RAs on liver fibrosis—that is, 
the strongest histological predictor of mortality and liver-related 
and extrahepatic complications in MASLD—remains uncer-
tain, these findings support the use of GLP-1RAs in people liv-
ing with MASLD who have cardiometabolic risk factors.

Understanding the hepatic effectiveness of GLP-1RAs on histo-
logical endpoints is critically important, given the increasing use 
of these antihyperglycaemic agents in populations at high risk for 
liver-related and cardiometabolic outcomes. Results from long-
term Phase 3 placebo-controlled RCTs assessing the efficacy of 
GLP-1RAs are ongoing. Recently, Sanyal et  al. reported results 
from part 1 of the ESSENCE trial, a Phase 3 placebo-controlled 
randomised trial involving 800 adults with biopsy-proven MASH 
and liver fibrosis. This RCT examined the 72-week effect of once-
weekly subcutaneous semaglutide 2.4 mg versus placebo on 
MASH resolution without worsening of fibrosis and improvement 
in fibrosis without worsening of MASH [15].

Therefore, in this updated and comprehensive systematic review 
and meta-analysis, we examined the published data from Phase 
2 and Phase 3 RCTs that evaluate the efficacy of GLP-1RAs for 
the treatment of MASLD or MASH in individuals with or with-
out pre-existing T2DM.

2   |   Materials and Methods

2.1   |   Protocol Registration

The protocol of the meta-analysis was registered in advance on 
Open Science Framework registries (https://​doi.​org/​10.​17605/​​
OSF.​IO/​HGVS4​).

2.2   |   Data Sources and Searches

We conducted this systematic review and meta-analysis fol-
lowing the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. We systematically 
searched the PubMed, Web of Science, and Clini​calTr​ials.​gov 
databases from their inception to April 30, 2025, to identify 
RCTs evaluating the efficacy of GLP-1RAs in the treatment of 
MASLD or MASH. The primary search terms (based on both 
MeSH and free-text terms) included “non-alcoholic fatty liver 
disease” (OR “NAFLD” OR “non-alcoholic steatohepatitis” OR 
“NASH”) OR “metabolic dysfunction-associated steatotic liver 
disease” (OR “MASLD” OR “metabolic dysfunction-associated 
steatohepatitis” OR “MASH”) OR “metabolic dysfunction-
associated fatty liver disease” (OR “MAFLD”) AND “glucagon-
like peptide-1 receptor agonists” OR “GLP-1 receptor agonists” 
OR “exenatide” OR “liraglutide” OR “lixisenatide” OR “albiglu-
tide” OR “dulaglutide” OR “semaglutide”. Searches were limited 
to human studies without language restrictions.

2.3   |   Inclusion and Exclusion Criteria

Studies were included if they were Phase 2 or Phase 3 placebo-
controlled or active-comparator-controlled RCTs involving 

Summary

•	 In this comprehensive meta-analysis, we examined 
published data from randomised controlled trials eval-
uating the efficacy of GLP-1 receptor agonists for the 
treatment of MASLD or MASH in individuals with or 
without type 2 diabetes.

•	 GLP-1 receptor agonists are a promising therapeutic 
option for MASLD or MASH. Further studies are re-
quired to examine the long-term effects of these drugs 
on the risk of developing liver-related clinical events.
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adult (≥ 18 years old) individuals with MASLD or MASH (re-
gardless of their T2DM status) that examined the efficacy of 
GLP-1RAs on MASLD or MASH. The diagnosis of MASLD/
MASH was based on liver biopsy or magnetic resonance-based 
techniques, such as magnetic resonance imaging-proton den-
sity fat fraction (MRI-PDFF) or magnetic resonance spec-
troscopy (MRS). Among the active-comparator-controlled 
RCTs, we included only trials with an active antihypergly-
caemic drug as a control arm for comparison (specifically 
those involving participants with T2DM). We excluded 
active-comparator-controlled RCTs that had a control arm 
consisting of non-antihyperglycaemic drugs tested for their 
potential hepatoprotective effects (e.g., fibroblast growth fac-
tor-21 [FGF-21] analogues, and farnesoid X receptor [FXR] 
agonists—see Table S1). We also excluded RCTs using dual or 
triple incretin receptor agonists, such as tirzepatide, survodu-
tide, cotadutide, efinopegdutide, pemvidutide or retatrutide. 
Additionally, we excluded RCTs in which the diagnosis of 
MASLD/MASH was based on methods other than liver bi-
opsy or magnetic resonance-based techniques. Finally, we ex-
cluded case reports, retrospective observational studies, and 
non-randomised interventional studies.

2.4   |   Data Extraction and Quality Assessment

Two investigators (AM and GT) independently reviewed the 
titles and abstracts of all RCTs identified using the above-
mentioned inclusion criteria. Each RCT that met the initial 
inclusion criteria underwent a full-text review by both investi-
gators independently. Any disagreements about the inclusion of 
studies were resolved by a third independent investigator (RM).

For each eligible RCT, we extracted data on the publication year, 
study country, sample size, participant characteristics (i.e., age, 
sex, ethnicity, Body Mass Index [BMI], pre-existing T2DM, and 
serum liver enzyme levels), follow-up duration, type of inter-
vention, dosages of GLP-1RAs or active drug comparators, and 
methods used for diagnosing MASLD/MASH.

The risk of bias for each eligible RCT was assessed using the 
Cochrane Collaboration tool by two independent authors 
(AM and GT). Any disagreements in scoring were reviewed, 
and a consensus was reached after discussion. The Cochrane 
Collaboration's tool assesses seven potential sources of bias: 
random sequence generation (selection bias), allocation con-
cealment (selection bias), blinding of participants and personnel 
(performance bias), blinding of outcome assessment (detection 
bias), incomplete outcome data (attrition bias), selective report-
ing (reporting bias), and other bias. For each of these domains, 
we categorised each eligible RCT into three levels: low, unclear 
or high risk of bias [16].

2.5   |   Data Synthesis and Analysis

The primary outcome measures were changes in the percentage 
of resolution of MASH without worsening liver fibrosis or an 
improvement in at least one stage of liver fibrosis without wors-
ening of MASH. As secondary outcome measures, we collected 
data on changes in the absolute percentage of liver fat content 

using magnetic resonance techniques, as well as changes in 
mean post-treatment values of serum liver enzyme levels, hae-
moglobin A1c and body weight.

For each RCT, the effect sizes of the primary outcome measures 
between participants randomly assigned to GLP-1RA treatment 
and those assigned to placebo or reference therapy are presented 
as odds ratios (OR) and 95% confidence intervals (CI) for his-
tological resolution of MASH or ≥ 1-stage fibrosis improvement 
using both fixed- and random-effect models. For changes in liver 
fat content (assessed by MRI-based techniques), serum liver en-
zyme levels, haemoglobin A1c and body weight, the effect sizes 
are presented as mean differences (MD) and 95% CIs [17].

To evaluate the robustness of the observed associations, we con-
ducted subgroup analyses based on baseline MASH-related cir-
rhosis status (for RCTs using liver biopsy), study country, and 
type of comparator drug in the control arm (for RCTs using 
magnetic resonance imaging). We also performed univariable 
meta-regression analyses to examine the potential effects of sex, 
age, body mass index, proportion of pre-existing T2DM, and per-
centage changes in body weight during the trial on the observed 
GLP-1RA-induced reduction in the absolute percentage of liver 
fat content, as measured by MRI-PDFF or MRS. We also tested 
for the possible excessive influence of individual studies using a 
meta-analysis influence (leave-one-out) test, which eliminated 
each included RCT one at a time.

A visual inspection of the forest plots was conducted to evaluate 
the presence of statistical heterogeneity [17]. Statistical hetero-
geneity between studies was assessed using the chi-square test 
and the I2-statistic, which estimates the percentage of variabil-
ity between studies attributable to heterogeneity rather than 
chance alone [18]. The proportion of heterogeneity explained by 
between-study variability was evaluated using the I2-statistic 
and considered low if the I2-index was 0% to 40%, or substantial 
if the I2-index was greater than 50% [18]. Publication bias was 
assessed through visual inspection of funnel plots and the Egger 
regression test [17].

All statistical tests were two-sided, and a p-value < 0.05 was con-
sidered significant. We used R software (version 4.2.2/2022) for 
all statistical analyses with the following packages: meta (ver-
sion 8.0–1) and metafor (version 4.6–0).

2.6   |   Funding Source

There was no funding source for this meta-analysis.

3   |   Results

3.1   |   Search Results and Study Characteristics

The PRISMA flow diagram summarises the search and selec-
tion processes of the meta-analysis (Figure S1). After removing 
duplicates and screening titles and abstracts, we identified 16 
studies from the PubMed, Scopus, and Clini​calTr​ials.​gov data-
bases for eligibility assessment. Subsequently, we excluded three 
studies due to unsatisfactory inclusion criteria, as specified in 
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Table S1. In total, 13 Phase 2 or Phase 3 RCTs met the eligibility 
criteria and were included in the final analysis [15, 19–30].

The main characteristics of these 13 Phase 2 or Phase 3 
RCTs (including eleven placebo-controlled and two active-
comparator-controlled trials) are detailed in Table  1. In total, 
1811 middle-aged overweight or obese individuals with MASLD 
or MASH were included in the study (> 75% White individ-
uals; 43% men; 64% had known T2DM; mean age 52 years; 
mean BMI 33 kg/m2; mean serum aspartate aminotransferase 
(AST) 38 IU/L; mean serum alanine aminotransferase (ALT) 
49 IU/L). These participants were treated for a median duration 
of 26 weeks (interquartile range: 24–72 weeks), with a median 
of 72 weeks for RCTs with liver biopsy data and a median of 
26 weeks for RCTs using MRI-based data, respectively.

Participants who met the criteria were randomly assigned to 
receive subcutaneous exenatide (n = 2 RCTs), liraglutide (n = 6 
RCTs), dulaglutide (n = 1 RCT), semaglutide (n = 4 RCTs), or pla-
cebo/reference therapy specifically to treat MASLD or MASH. 
The diagnosis of MASLD was based on liver biopsy in four RCTs 
that included individuals with MASH and liver fibrosis (stages 
F2 to F4), while the remaining nine RCTs utilised MRI-based 
techniques (MRI-PDFF or MRS). Most of these RCTs specifi-
cally included individuals with T2DM (n = 6 RCTs), while five 
RCTs included participants with and without T2DM, and two 
RCTs were conducted in individuals who did not have T2DM, 
particularly those with obesity or women with polycystic ovary 
syndrome. Two were active-comparator-controlled RCTs in-
volving patients with T2DM that compared GLP-1 RA use ver-
sus sitagliptin and/or insulin glargine. Three RCTs included 
multinational cohorts (recruited in Europe, the United States, 
and other countries), five RCTs were conducted in Asia (China, 
Singapore, and India), and five were conducted in Europe 
(the United Kingdom, France, Denmark, Germany, and the 
Netherlands). Among the eligible RCTs with available data on 
adverse effects, GLP-1RAs were generally well-tolerated and 
had a similar adverse event profile to either placebo or reference 
therapy, except for a higher frequency of gastro-intestinal symp-
toms, such as nausea, vomiting, constipation, diarrhoea, or ab-
dominal discomfort. However, these gastro-intestinal symptoms 
were mainly transient and mild-to-moderate in severity across 
the included RCTs. According to the Cochrane Collaboration's 
tool, eligible RCTs were assessed to have a low risk of bias (n = 5) 
or a moderate risk of bias (n = 8); no studies were considered to 
have a high risk of bias (as illustrated in Table S2).

3.2   |   Effect of GLP-1RAs on Liver Histological 
Endpoints

Figure  1 shows the forest plot and pooled estimates of the ef-
fect of GLP-1RAs on the histologic resolution of MASH without 
worsening fibrosis. These findings are based on four placebo-
controlled RCTs involving 1262 participants randomly assigned 
to placebo or treatment with liraglutide 1.8 mg/day, semaglutide 
2.4 mg/week, or semaglutide at doses of 0.1, 0.2, and 0.4 mg/day 
administered subcutaneously. When analysing all these RCTs 
together, GLP-1 RA treatment significantly increased the rate 
of MASH resolution compared to placebo (n = 4 RCTs; pooled 
random-effects odds ratio 3.39, 95% CI 2.63–4.36, p < 0.001; 

I2 = 0%). Notably, after stratifying RCTs for MASH-related cir-
rhosis status at baseline, we found that in patients with MASH 
and liver fibrosis (stages F2 or F3), GLP-1RA treatment for up 
to 72 weeks was superior to placebo in achieving MASH resolu-
tion without worsening of fibrosis (n = 3 RCTs; pooled odds ratio 
3.48, 95% CI 2.69–4.51, p < 0.001; I2 = 0%). This beneficial effect 
of GLP-1RAs on MASH resolution remained significant even 
after excluding the Phase 3 RCT by Sanyal et al. (pooled odds 
ratio 4.07, 95% CI 2.44–6.79, p < 0.001; I2 = 0%). Conversely, in 
patients with MASH-related compensated cirrhosis (n = 1 RCT 
involving 71 individuals), once-weekly semaglutide 2.4 mg for 
48 weeks did not achieve MASH resolution compared to placebo 
(pooled odds ratio 1.96, 95% CI 0.62–6.23).

Figure 2 shows the forest plot and pooled estimates of the effect 
of GLP-1RAs on the improvement of at least one stage of liver fi-
brosis without worsening of MASH. In patients with MASH and 
liver fibrosis, treatment with GLP-1RAs (primarily semaglutide) 
for up to 72 weeks was more effective than placebo in improv-
ing liver fibrosis without worsening of MASH (pooled odds ratio 
1.79, 95% CI 1.37–2.35, p < 0.001; I2 = 0%). However, this benefi-
cial effect of GLP-1RAs on fibrosis improvement was lost after 
removing the Phase 3 RCT by Sanyal et  al. from the analysis 
(pooled odds ratio 1.50, 95% CI 0.98–2.28, p = 0.062; I2 = 0%). In 
patients with MASH-related compensated cirrhosis, treatment 
with semaglutide for 48 weeks did not lead to fibrosis improve-
ment (pooled odds ratio 0.29, 95% CI 0.08–1.04).

3.3   |   Effect of GLP-1RAs on MRI-Assessed Liver 
Fat Content

Figure 3 shows the forest plot and pooled estimates of the effects 
of GLP-1RAs on liver fat content, assessed via MRI-PDFF or 
MRS (n = 9 RCTs involving 499 individuals who were randomly 
assigned to either placebo/reference therapy or to exenatide 10 
mcg/day, liraglutide 1.8 mg/day, dulaglutide 1.5 mg/week, or 
semaglutide at 0.4 mg/day subcutaneously). Compared to pla-
cebo or reference therapy, treatment with GLP-1RAs for up to 
26 weeks was associated with a significant reduction in the ab-
solute percentage of liver fat content (pooled mean difference 
(MD): −4.50%, 95% CI −6.60 to −2.40%; p < 0.001; I2 = 95.9%). 
This absolute percentage reduction corresponds to a decrease 
in the mean relative percentage change in liver fat content of 
−35% for GLP-1RAs compared to −14% for placebo, respectively. 
Similar results were observed when we examined the effect 
of GLP-1RAs on liver fat reduction in placebo-controlled and 
active-comparator-controlled RCTs, separately.

3.4   |   Effects of GLP-1RAs on Serum Liver 
Enzymes, Haemoglobin A1c and Body Weight

Figures S2–S4 show the forest plots and pooled estimates of the 
effect of GLP-1RAs on mean post-treatment values of serum liver 
enzymes. Compared to placebo or reference therapy, GLP-1RA 
use was associated with significant reductions in circulating lev-
els of ALT (pooled MD: −9.99 IU/L, 95% CI −16.8 to −3.18 IU/L), 
AST (pooled MD: −7.03 IU/L, 95% CI −13.43 to −0.63 IU/L) and 
gamma-glutamyltransferase (GGT) (pooled MD: −18.29 IU/L, 
95% CI −29.26 to −7.32 IU/L).
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Figures S5 and S6 show the forest plots and pooled estimates of 
the effect of GLP-1RAs on mean post-treatment values of body 
weight and HbA1c levels. Compared to placebo/reference ther-
apy, treatment with GLP-1RAs was associated with significant 
reductions in body weight (pooled MD: −4.48 kg, 95% CI −6.08 
to −2.88 kg, p < 0.001) and HbA1c levels (pooled MD: −1.30%, 
95% CI −1.69% to −0.91%).

3.5   |   Subgroup and Meta-Regression Analyses

A subgroup analysis by study country revealed that the ob-
served GLP-1RA-induced reduction in liver fat content (as 

measured with MRI-based techniques) was consistent in RCTs 
conducted in both Europe and Asian countries (Figure S7). We 
also conducted univariable meta-regression analyses to explore 
the potential influence of moderator variables on the observed 
reduction in liver fat content, expressed as absolute percentage 
and measured by MRI-PDFF or MRS (Figures S8–S12). These 
meta-regression analyses suggested that sex, age, BMI, pre-
existing T2DM, and percentage changes in body weight during 
the trial did not significantly affect the effect size for the GLP-
1RA-induced reduction in liver fat content, although the influ-
ence of body weight change during the trial was marginally 
significant (p = 0.059). Finally, we also conducted a leave-one-
out meta-analysis to examine the influence of each RCT on the 

FIGURE 1    |    Forest plot and pooled estimates of the effect of GLP-1RAs on the histologic resolution of MASH without worsening of liver fibrosis, 
compared to placebo, in RCTs stratified by the presence of MASH-related cirrhosis at baseline (n = 4 placebo-controlled RCTs).
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FIGURE 2    |    Forest plot and pooled estimates of the effect of GLP-1RAs on improvement in ≥ 1-stage liver fibrosis without worsening of MASH 
compared to placebo, in RCTs stratified by the presence of MASH-related cirrhosis at baseline (n = 4 placebo-controlled RCTs).
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overall effect size estimate for hepatic histological endpoints and 
MRI-measured liver fat content and to identify potential influ-
ential studies (Figure S13).

3.6   |   Publication Bias Testing

As shown in Figures S14 and S15, the funnel plots were quite 
symmetrical. The Egger's regression test did not indicate any 
statistically significant asymmetry in the funnel plots of the 
RCTs examining the effects of GLP-1RAs on MASH resolu-
tion (p = 0.703) or improvement in liver fat content (p = 0.151), 
as evaluated by MRI-based techniques. Although the number 
of RCTs included was fewer than 10, these results suggest that 
publication bias was low.

4   |   Discussion

To our knowledge, this is the largest and most comprehensive 
meta-analysis of Phase 2 or Phase 3 RCTs that used GLP-1RAs 
for the treatment of MASLD or MASH. The meta-analysis in-
corporated 13 placebo-controlled (n = 11) or active-comparator-
controlled (n = 2) RCTs from different countries (including the 
recent Phase 3 ESSENCE trial) that aggregated data on 1811 
middle-aged individuals with overweight or obesity for whom 
the diagnosis of MASLD was based on magnetic resonance-
based techniques, and MASH±liver fibrosis was assessed his-
tologically [15]. Most individuals included in these RCTs had 
comorbid T2DM, accounting for ~65% of participants.

The main and novel findings of this meta-analysis indicate that 
among individuals with MASH and liver fibrosis (stages F2 or 

F3), treatment with GLP-1RAs for up to 72 weeks was better 
than placebo in achieving MASH resolution without worsen-
ing of fibrosis (n = 3 placebo-controlled RCTs; pooled odds ratio 
3.48, 95% CI 2.69–4.51; I2 = 0%) and also in improving at least 
one stage of liver fibrosis without worsening of MASH (pooled 
odds ratio 1.79, 95% CI 1.37–2.35; I2 = 0%). In contrast, for in-
dividuals with MASH-related compensated cirrhosis (only one 
small phase 2 RCT available), treatment with semaglutide for 
48 weeks did not improve liver fibrosis or lead to MASH res-
olution compared with placebo. However, larger RCTs with 
longer follow-up durations are needed to confirm this finding. 
Additionally, GLP-1RA use for up to 26 weeks was associated 
with significant reductions in liver fat content, measured by 
MRI-based techniques (n = 9 RCTs; pooled mean difference: 
−4.50%, 95% CI −6.60 to −2.40%; p < 0.001), and in serum liver 
enzyme levels. The meta-analysis also found that GLP-1RA use 
was significantly associated with weight loss (~4.5 kg) and a de-
crease in haemoglobin A1c levels (−1.3% or −8 mmol/mol) com-
pared to placebo. Our meta-regression analyses also showed that 
sex, age, BMI and T2DM status at baseline, as well as changes in 
body weight during the trial (although this last factor was found 
to be marginally significant), did not influence the observed 
GLP-1RA-induced improvement in liver fat content. However, 
these latter results should be interpreted with caution, as fewer 
than 10 RCTs were included in meta-regression analyses.

The evaluation of the RCTs included in the meta-analysis 
reveals a paucity of large, high-quality RCTs with a suffi-
ciently long duration and liver biopsy data, which is the refer-
ence method for assessing drug-induced resolution of MASH 
or ≥ 1-stage liver fibrosis improvement. To date, only four 
placebo-controlled RCTs (three Phase 2 trials and one Phase 
3 trial) have examined the hepatic efficacy of GLP-1RAs 

FIGURE 3    |    Forest plot and pooled estimates of the effect of GLP-1RAs on the absolute percentage of liver fat content, assessed by magnetic 
resonance-based techniques, in RCTs stratified by the type of comparator drug (n = 7 placebo-controlled and n = 2 active-comparator-controlled 
trials).
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(subcutaneous liraglutide or semaglutide) on MASH resolu-
tion and fibrosis improvement. These are the two liver his-
tological endpoints requested by the FDA for the conditional 
approval of a drug candidate for the treatment of MASH, and 
they are the histological features most closely associated with 
the risk of dying or developing liver-related and extrahepatic 
complications in MASLD [4, 31].

That said, compared to other previously published meta-
analyses of RCTs examining the effect of GLP-1RAs in MASLD/
MASH (including one from our group) [13, 14, 32–34], it should 
be noted that the inclusion of the recent Phase 3 ESSENCE trial, 
which compares once-weekly subcutaneous semaglutide 2.4 mg 
versus placebo for 72 weeks in participants with MASH and 
fibrosis stages 2 or 3 [15], has allowed us to show, for the first 
time, a significant improvement in at least one stage of liver fi-
brosis without worsening of MASH. This finding has not been 
previously demonstrated in any earlier meta-analysis of Phase 2 
MASH clinical trials using GLP-1RAs alone, or in other recently 
published meta-analyses that included not only GLP-1RAs but 
also dual or triple incretin receptor agonists, such as tirzepatide, 
survodutide, efinopegdutide, or retatrutide [35]. The benefit of 
GLP-1RAs (primarily semaglutide 2.4 mg/week) on the sever-
ity of liver fibrosis is clinically relevant and is also supported by 
significant improvements in non-invasive fibrosis tests (such as 
ELF score, serum PRO-C3 levels, and liver stiffness by vibration-
controlled transient elastography). Long-term data from part 2 
of the ESSENCE trial are ongoing to evaluate the effect of sema-
glutide 2.4 mg weekly on the risk of liver-related clinical events 
over 240 weeks [36].

Compelling evidence shows that GLP-1RAs offer clinical ben-
efits that extend beyond long-term glycemic control. These 
antihyperglycemic agents provide significant advantages in re-
ducing the risk of all-cause mortality and adverse cardiovascu-
lar and renal complications for patients with T2DM and obesity 
[9–12]. These findings further support the long-term use of GLP-
1RAs in individuals living with T2DM and MASLD.

The findings of this meta-analysis may have significant clini-
cal implications. From a clinical perspective, we believe that the 
evidence supporting the hepatic effectiveness of GLP-1RAs in 
resolving MASH, along with the improvement in liver fibrosis, 
is clinically important, especially considering the growing bur-
den of MASLD and MASH worldwide and the adverse effects 
of these conditions on the risk of long-term liver-related and 
extrahepatic cardiometabolic and malignant outcomes [3–5]. In 
these RCTs, GLP-1RAs were generally well-tolerated, with ad-
verse event rates not exceeding those of the placebo, except for 
a higher frequency of transient, mild-to-moderate gastrointes-
tinal disorders. Notably, real-world retrospective observational 
cohort studies (involving about 1.5 million patients with T2DM) 
using an emulated target trial design have also shown that com-
pared to DPP-4 inhibitors or other antihyperglycaemic agents, 
the use of GLP-1RAs is associated with a significantly lower 
risk of liver-related clinical events, such as incident cirrhosis, 
hepatic decompensation events, or hepatocellular carcinoma 
[37]. GLP-1RAs align with the American Diabetes Association 
recommendations as the preferred option for adults with T2DM 
and MASH, or those at high risk of liver fibrosis [38, 39]. Other 
Phase 2 and Phase 3 MASH therapeutic trials are also ongoing, 

investigating the effects of tirzepatide (a dual GLP-1/GIP recep-
tor co-agonist) and other dual or triple incretin receptor agonists 
on liver histological endpoints and long-term liver-related clini-
cal events [40–42].

A detailed discussion of the potential mechanisms by which 
GLP-1RAs could exert their beneficial effects on MASLD/
MASH is beyond the scope of this meta-analysis. Nonetheless, 
these mechanisms are complex and not fully understood. It 
is reasonable to assume that the hepatoprotective effects of 
GLP-1RAs are multifactorial, resulting from their combined 
positive effects on hyperglycaemia, insulin resistance, and 
overweight/obesity, as well as their positive effects on the 
liver, which can be at least partly independent of weight loss 
[42, 43].

The main strength of this study is its use of a systematic review 
method to identify all relevant RCTs (published up to April 30, 
2025) that meet the predefined inclusion criteria. This provides 
the most current assessment of the hepatic effectiveness of 
GLP-1RAs, including the newest MASH therapeutic trials (the 
ESSENCE trial). Additionally, most of the included RCTs used 
MRI-PDFF or MRS, which are currently the two most accurate 
imaging techniques for measuring changes in liver fat content, 
although their accuracy in assessing MASH and liver fibrosis 
stage is somewhat limited [44]. Finally, the results of the four 
placebo-controlled RCTs with liver biopsy data showed no het-
erogeneity among the studies included in the meta-analysis 
(I2 = 0%), supporting the notion that the hepatic effects of GLP-
1RAs on MASH resolution and fibrosis improvement are consis-
tently effective in a clinical context.

Our meta-analysis has important limitations inherent in the in-
cluded RCTs. First, as previously mentioned, most eligible RCTs 
had relatively small sample sizes and relatively short treatment 
durations. Second, only one Phase 3 placebo-controlled RCT 
(the ESSENCE trial) with liver histological endpoints as the 
primary outcome was available for the meta-analysis. Third, 
most RCTs enrolled overweight or obese individuals with 
MASLD and T2DM (predominantly of White race), highlight-
ing the urgent need for RCTs involving people without T2DM 
and non-obese individuals with MASLD from diverse ethnic 
backgrounds. Finally, because of significant sex-related differ-
ences in the prevalence, risk factors, and clinical outcomes of 
MASLD/MASH [45], future adequately powered RCTs should 
be designed to evaluate sex-related differences in the response 
rates of MASLD/MASH to GLP-1RA treatment.

In conclusion, the results of this updated meta-analysis strongly 
support the hepatic effectiveness of GLP-1RAs (mainly semaglu-
tide 2.4 mg/week) in reducing liver fat content, achieving resolu-
tion of MASH, and improving liver fibrosis in individuals with 
MASH and fibrosis, regardless of T2DM status. While we await 
results from Phase 3 randomised controlled trials designed to 
evaluate the long-term benefits of GLP-1RAs on liver-related 
clinical events, these findings suggest that GLP-1RAs are a suit-
able treatment option (either alone or combined with other liver-
directed pharmacotherapies, such as resmetirom, peroxisome 
proliferator-activated-receptor agonists, or FGF-21 analogues) 
for individuals living with MASLD or MASH, especially among 
those who are obese or have T2DM.
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